studied within the framework of an improved isospin dependent quantum molecular dynamics model. The entrance channel mass asymmetry dependence of compound nucleus formation is found by analyzing the shell correction energies, Coulomb barriers and fusion cross sections. The calculated fusion cross sections agree quantitatively with the experimental data. We conclude that the compound nucleus formation is favorable for the system with larger mass asymmetry. In recent years, much effort has been devoted to the study of superheavy elements (SHEs) theoretically and experimentally. Elements 107 to 112 were synthesized in cold fusion reactions [1] , elements from 113 to 116 and 118 were produced in hot fusion reactions [2] . The existence of elements with Z > 106 is due to the balance of shell effects against the large Coulomb repulsion [3] . Theoretically, several transport models have been established to understand the fusion mechanism of SHE formation, such as the macroscopic dynamical model [4] , the dinuclear system model [5, 6] , the fluctuation-dissipation model [7] , and the concept of nucleon collectivization [8] . Experimental data can be reproduced and some new results have been predicted with these models. The models differ from each other, sometimes using contradictory physical ideas. A microscopic description of the synthesis mechanism of SHEs remains as a challenge to microscopic theory. The accurate theoretical predictions of the reaction channel and optimum incident energy are anticipated by experimentalists.
The study of the role of the entrance channel in the fusion reaction is a relevant problem in establishing the optimal conditions for the synthesis of SHEs. The cross section for the synthesis of SHE is so small that it reaches the present experimental limit. Therefore, it is a key to select the optimal reaction and favorable energy before the experiment to ensure the successful synthesis of SHEs. It is known generally that it is more favorable to synthesize SHE with large mass asymmetry of the reactants. Being encouraged by the synthesis of SHEs, heavy ion fusion reactions at energies below and near the Coulomb barrier have received a great deal of attention [9] [10] [11] [12] [13] . The measured fusion cross sections for different mass asymmetry (| A 2 − A 1 |/ (A 1 + A 2 )) reactions leading to the same compound nucleus allow us to study the entrance channel effects on the fusion reaction mechanism. The entrance channel mass asymmetry dependence of the compound nucleus formation has been studied by the statistical model [14, 15] and the dinuclear systems model [16] for the asymmetric and nearly symmetric systems. The effect of entrance channel mass asymmetry in fusion was investigated in Ref. [17] for the formation of 220 Th by comparing the evaporation residue cross section in the reactions 16 Open access under CC BY license.
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channel for asymmetric and nearly symmetric systems are necessary.
In the present work, we carry out a study for the fusion reactions 48 Ca + 154 Sm and 16 O + 186 W using the improved isospin dependent quantum molecular dynamics (ImIQMD) model [18] . The experimental fusion cross sections are well reproduced, and the calculated results suggest the entrance channel mass asymmetry dependence of the compound nucleus formation.
In the ImIQMD model, the most important improvement is the inclusion of shell correction contribution compared with the isospin dependent quantum molecular dynamics model (IQMD) [19, 20] . As we know, the shell correction can change the fusion barrier of a certain reaction. For the same reaction, different shell correction energies result from changes in the level scheme with the deformation parameters. The importance of the shell correction on the production cross section of compound nuclei has received much attention for synthesis of superheavy elements. Consequently, it is necessary that shell effects are considered in the fusion process. The projectile-target level schemes in fusion reaction are calculated by the deformed two center shell model (DTCSM) [21, 22] . Then the shell corrections are calculated using the Strutinsky method [23] .
In the ImIQMD model, the shell correction energy can be written as
where the shell correction energy E shell is given by using DTCSM. The R p,t and a are projectile (target) radius and the dispersion width, respectively. The values of R p,t and a are 1.2 A −1/3 fm and 0.55 fm, respectively, where A is the total nucleon number. In the evolution of dynamical process, the ordering of filling in the levels is considered according to angular momentum and single nucleon energy which corresponds to the same angular momentum. In this calculation, the levels are calculated by DTCSM and the shell corrections are calculated using Strutinsky method for the reaction system 48 Ca + 154 Sm and 16 O + 186 W. The proton levels (upper figure), the proton and total shell corrections are plotted in Fig. 1 for the fusion reactions leading to the same compound nucleus Ca are doubly magic, we think that, apart from the slight deformation influence, above behavior is mainly due to the mass asymmetry for two different reactions. The nucleus-nucleus interaction potential plays an important role in the fusion reaction, but it cannot be directly measured. Several methods such as Wong semiempirical formula [24] , Bass potential [25] , and the proximity potential [26] have been employed to calculate the Coulomb barrier. In this work, the effects of the mass asymmetry of projectile and target on the static Coulomb barrier are studied by using the ImIQMD model for 48 
Here R is the distance between the centers of mass of projectile and target. E pt (R) is the total energy of the whole system, while E p and E t are the energies of the projectile and target, respectively. They are the sum of the effective potential energy and the kinetic energy over the whole system, projectile and target, respectively. For the kinetic energy, the Thomas-Fermi approximation is adopted as mentioned in Ref. [27] . For the static Coulomb barrier, the density distribution is the same as the initial density distribution, which is the diabatic process. The total static interaction potential and each part of the interaction potential are shown for reaction systems 48 Ca + 154 Sm and 16 O + 186 W in Fig. 2 .
The contribution of each part of the interaction potential to the total interaction potential can be seen clearly. In addition, we compare the static Coulomb barriers by the ImIQMD model with the results of proximity potential in Fig. 3 . One can see that the calculated with ImIQMD Coulomb barriers are not in good agreement with those from proximity potential at short range, but are in good agreement with those from proximity potential when both nuclei do not overlap too much in space. The reason for the deviation in the overlap region is that the proximity potential may not be able to give an accurate result at the overlap region where the ImIQMD model is applicable. But it is well known that the results for the overlap region are more important, especially for the case of heavy reaction systems. One can see that more symmetric combinations will give rise to higher Coulomb barriers, and with the increasing mass asymmetry the height of the Coulomb barrier decreases and the capture probability should be enhanced consequently [27] . Thus it is more favorable to form the superheavy el- interaction shell correction energies are observed. The contribution from shell correction energy with small mass asymmetry is larger than that with large mass asymmetry at the early stage, when two nuclei overlap too much, the reverse phenomenon is observed. It is known that the lowering of the Coulomb barrier corresponding to larger mass asymmetry might result in the enhancement of the capture probability. We will investigate the effect of the mass asymmetry through calculation the fusion cross sections later. Fig. 4 presents the calculated fusion cross sections compared with experimental data [28, 29] Ref. [28] shows the competition between sub-barrier enhancement and above barrier suppression. Both experimental and theoretical results show the difference of cross sections in two different systems. Namely, the entrance channel mass asymmetry dependence of the fusion cross sections can be observed. The fusion cross sections are larger for the reaction 16 O + 186 W, which results from the lowering of the Coulomb barrier for the reaction with larger mass asymmetry. It suggests that the compound nucleus formation is favorable for the systems with larger mass asymmetry.
In conclusion, we have investigated the fusion reactions for The results show that the fusion cross sections are larger for the reaction system with larger mass asymmetry. This reason is attributed to the lowering of the Coulomb barrier for system with larger mass asymmetry. Thus the compound nucleus formation is more favorable for the system with larger mass asymmetry. It indicates that the entrance channel mass asymmetry of the reaction system affects the synthesis of heavy nuclei.
